Abstract. Calcium-phosphate cements is one of the most popular types of biomaterials
INTRODUCTION
The cements presented in this article consist mainly of calcium phosphate constituents. Reactions that occur at normal temperature involve phase transformations of the constituents, transformations underlying the strengthening process of these biomaterials.
It is a process of self-setting of calcium -phosphate cements. This process takes place by the formation of hydroxyapatite following the hydrolysis reactions of some reagents of phosphocalcic nature.
Data on the use of hardening agents such calcium and phosphorus materials it isn`t subject of this paper. Due to the low solubility of hydroxyapatite in an acid medium, this substance is not used directly for calciumphosphate cements.
For this reason, in this paper, one may use other phosphocalcic substances by hydrolysis in which causes the hardening of the calcium -phosphate cement by precipitation of hydroxyapatite.
RAW MATERIALS
In order to obtain the calcium -phosphate cements, they start from orthophosphate salts, which have PO 4 3-groups in their composition. Table 1 shows a series of phosphatic salts of interest in starting materials for the cements discussed in this paper, in order of basicity. Fluorapatite presents of interest in this paper only because biological tissues much of solid solution of bone containing hydroxyapatite and fluoroapatite. [1] The strengthening of the ceramic calcium phosphate is produced when, after hydrolysis of calcium phosphate compounds hydroxyapatite precipitates.
SYNTHESIS OF HYDROXYAPATITE BY USING A SINGLE CALCIUM-PHOSPHATE REACTANT
For this purpose it can use all phosphocalcic substances shown in Table 1 , whose Ca / P ratio is lower than that of hydroxyapatite. [1] Hydrolysis reactions of these materials result in H 3 Since, after a long time since the reactions described above, the phosphocalcic compounds used as reactants (e.g., calcium phosphate) are found to be excess in solution, the composition of the solution remains on the isothermal solubility of these reactants. [1] However, the accumulation of H 3 PO 4 in time, in reaction solution, will decrease the pH value and also to reduce the degree of supersaturation with hydroxyapatite. Under these conditions, the hydrolysis reaction will stop when the isotherms of solubility of the two compounds present in the solution will intersect Figure 1 (a and b) (intersection of the hydroxyapatite isotherm with the calcium hydrogen phosphate anhydrous, which is a single point) because the solution becomes saturated in both salts (hydroxyapatite and the reactant, respectively).
Overall, a good hardening bioceramic materials in this category takes place while the hydrolysis reactions occur quickly and achieve a degree of interaction as higher completion percentage. Or, in the case described above, these requirements do not occur in the absence of any additions of acidic or basic nature. [1] When tetracalcic phosphate is used as the reactant, the hydrolysis process results in calcium hydroxide as a byproduct along with hydroxyapatite:
as Ca(OH) 2 , it influences the increase in the pH value of the solution and consequently the degree of saturation in hydroxyapatite also decreases as shown in Figure 1b . This is explained by the fact that the solubility isotherm has negative slope [2] . The information presented suggests that when using only one calcium phosphate salt as a reactant and precipitats hydroxyapatite, it is necessary to eliminate the H 3 PO 4 or Ca(OH) 2 byproducts to complete the hydrolysis reaction.
SYNTHESIS OF HYDROXYAPATITE BY USING TWO CALCIUM PHOSPHATE COMPOUNDS
The tetracalcium phosphate Ca 4 (PO) 2 O is the only salt shown in Table 1 with a Ca/P ratio higher than that of hydroxyapatite. Consequently, this phosphate plays a special role in the production of cement phosphates by being able to react with another phosphocalcic salt (but with a lower C/P ratio) to form a reaction product with apatite stoichiometry. [1] As a result of this reaction, will not form the acids or bases as a second reaction products result, From the example described by the first of these reactions, both tetracalcium phosphate and anhydrous calcium phosphate are present in excess, and their rate of dissolution is higher than the rate of hydroxyapatite formation. Accordingly, the composition of the reactant solution is in the vicinity of the point of intersection of the solubility isotherms (singular point) of Figure 1a and 1b, since the process of converting them into hydroxyapatite continues to occur. Under such conditions, the near-constant pH value indicates that the cement setting reaction continues at a constant rate.
The advantage of using tetracalcium phosphate and anhydrous calcium phosphate or calcium hydrogen phosphate dihydrate respectively as reactants is that the pH values of the singular points are very close to the physiological pH value -which contributes to achieving a good biocompatibility, a prerequisite for biomedical applications. The biomaterials thus obtained have the property of complete setting to 37 0 in 4 hours. [3, 4] 
MICROSTRUCTURE
Electron microscopy studies have shown that cements produced by the reaction between tetracalcium phosphate and anhydrous calcium phosphate are characterized in the first part of the setting process through a morphology where there is an "amorphous" phase present in the interstitial spaces. [3] In fact the crystalline phase consists of small flat formations consisting of hydroxyapatite, which is formed during the setting reaction of the cement and, at the same time, the property to adhere to one another during the setting process.
These crystalline formations in a quantitative increase in time division at the end of this curing process the morphology of the ceramic biomaterial consists essentially of needle shaped crystals with flat crystals that are present in a smaller quantity.
The crystals formed during the calcium -phosphate cement setting is very small (about 50 nm thick and 100 nm length) are able to adapt perfectly to the tooth surface.
CLINICAL APPLICATIONS
The results of experiments carried out on animals have shown [5] , as it was expected that tetracalcium phosphate cements based on calcium phosphate anhydrous or hydrated acid are not toxic and does not cause such genetic mutations.
Experimental studies on dogs and monkeys have shown that these types of cements used to obturate dental canals have been well tolerated by periapical tissue [6] , or even the formation of new bone formation has been found. [7] The use of these ceramic biomaterials as implants and various other types of bone tissue did not reveal rejection phenomena.
At the same time, it has been shown that, over time, these implants are progressively replaced by the formation of new bone tissue. [8] 
CONCLUSIONS
The phosphate cements presented in this paper consist of compositions capable of self-setting reaction and with a very good biocompatibility. Almost perfect adaptation of these biomaterials in tissue surface and an optimal resorption, followed by generating new bone formation, is the distinct advantages of these biomaterials.
